Background: S-100 protein serum concentration (S-100) serves as a marker of cerebral ischemia in cardiac surgery, head injury and stroke. In these circumstances S-100 corresponds well with the results of neuropsychological tests. The aim of the present study was to investigate the value of S-100 and neuron specific enolase (NSE) in reflecting postoperative cognitive deficit (POCD) after general surgical procedures. Methods: One hundred and twenty patients undergoing vascular, trauma, urological or abdominal surgery were investigated. Serum values of S-100 and NSE were determined preoperatively and 0.5, 4, 18 and 36 h postoperatively. Neuropsychological tests for detecting POCD were performed preoperatively and on day 1, 3, and 6 after the operation. A decline of more than 10% in neuropsychological test results was regarded as POCD. Furthermore, we retrospectively compared the S-100 in patients with and without POCD in different types of surgery. Results: According to our definition, forty-eight patients had POCD (95% confidence interval: 37.5-58.5). These patients showed higher serum concentrations of S-100 (median 024 ng/
S
ERUM markers of cerebral damage, such as S-100 protein and neuron specific enolase (NSE), are increasingly used in diagnosis and prognosis of cognitive function after cardiac surgery (1-6), head injury (7, 8) , resuscitation (9, 10) and stroke (11) . In these circumstances, structural brain damage may occur as a result of cerebral embolism, ischemia, and increased intracranial pressure. In less severe cases, the leading symptoms are cognitive deficits. After noncardiac surgery, postoperative cognitive deficiency (POCD) may also develop. Postoperative cognitive deficiency occurs in various frequencies, depending on factors such as age and type of surgery (12) . Structural brain damage has rarely been found (12) . The present study was undertaken to investigate S-100 and NSE as markers of cognitive deficit in noncardiac surgery.
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ml; range 0.01-3.3 ng/ml) compared with those without POCD (nΩ69; median 0.14 ng/ml; range 0-1.34 ng/ml) 30 min postoperatively (PΩ0.01). Neuron specific enolase was unchanged during the course of the study. Differences of S-100 in patients with and without POCD were found in abdominal and vascular surgery but not in urological surgery. Conclusion: When all patients are pooled, S-100 appears to be suitable in the assessment of incidence, course and outcome of cognitive deficits. We suspect that in some surgical procedures, such as urological surgery, S-100 appears to be of limited value in detecting POCD. Neuron specific enolase did not reflect neuropsychological dysfunction after noncardiac surgery. S-100 is an acidic calcium-binding protein, first isolated from central nervous tissue in 1965 (13) . It is found in astrocytes and Schwann cells. Neuron specific enolase is an isoenzyme of the glycolytic enzyme enolase, and is found in the zytoplasma of neurons and cells of neuro-endocrine differentiation. Normal serum concentrations are low, and serum concentrations are increased after damage to central nervous cells as well as blood-brain barrier dysfunction.
A correlation between neuropsychological function and the serum level of S-100 was found in patients either with traumatic head injury (7, 8) after cardiac surgery (1-6) or stroke (11) , respectively.
The ISPOCD study group found significantly higher S-100 levels in patients with POCD (14) . High incidences of POCD are described in patients undergoing hip or knee arthroplasty (15) (16) (17) . Nevertheless, there was no correlation between serum concentration of S-100 and neuropsychological outcome: both patients with and without POCD showed a significant increase of S-100 serum concentrations postoperatively (18) .
The purpose of the present study was to investigate the relationship of increasing S-100 and NSE serum concentrations after general anesthesia and the occurrence of POCD. Furthermore, this relationship was retrospectively analyzed in different types of surgery.
Methods
One hundred and twenty patients, scheduled for elective abdominal, vascular, urological (no transurethral resection of prostate) or trauma surgery (exclusive of hip or knee joint replacement), were investigated. The study was approved by the institutional Ethics Committee and the patients gave their informed consent. Exclusion criteria were ASA risk classification Ͼ3, persistent neurological deficits as a result of stroke, psychiatric diseases, including severe dementia, deafness, impaired vision, and neuropsychological test results of Ͻ70% of standard values.
Following premedication with 3.75-7.5 mg midazolam orally, anesthesia was induced with fentanyl 0.1 mg, etomidate 0.25 mg/kg b.m. and succinylcholine 1.5 mg/kg b.m. The patients were intubated, and anesthesia was maintained with isoflurane (end-tidal concentration 0.5-0.8%) and oxygen/nitrous oxide(35/65%) in a semiclosed circuit anesthetic system. Monitoring consisted of pulse oxymetry, oscillometric blood pressure measurement and 3-channel-electrocardiography.
The serum levels of S-100 and NSE were determined before induction of anesthesia and 30 min, 4 h, 18 h, and 36 h after the end of anesthesia. Normal values assumed for S-100 were Յ0.12 ng/ml (luminescence Table 1 Demographic data of the patients, presented as median (range), and numbers of surgical procedures. Liver (6) Prostatic (28) Osteosynthesis (13) Abdominal aortic (6) Bowel (15) Renal (11) Arthroscopy (2) Peripheral vascular (10) Hernia (5) Others (4) Biliary (9) Stomach (4) Others (7) 385 immunoassay, Sangtec 100 LIA-mat A , Byk Sangtec, Germany) and for NSE Յ12.0 ng/ml (radioimmunoassay).
The neuropsychological performance of patients was tested one day before surgery, and on day 1, 3, and 6 after the operation. Testing was performed by a clinical psychologist in a quiet room. The Digit-Symbol-Substitution Test (DSS) of the Wechsler Adult Intelligence Scale (19) was used as a measure of attention. The DSS indicates aspects of general psychomotor and perceptual speed, divided attention, associative memory and visuo-motor coordination. The number of correct symbols used was according to correction for age.
Sustained attention and visual scanning ability under time pressure was assessed by the 'Concentration Endurance Test d2' (20, 22) . The total number of scanned targets, minus the errors, was analyzed.
Cognitive processing speed as an expression of intellectual ability was determined by the 'number connection test' (21) . Subjects had to connect numbers in ascending order under time pressure.
The neuropsychological examination was evaluated using standard values corrected for age (SV; mean: 100, standard deviation: 10).
Statistical analysis
Statistical procedures included multiple measure ANOVA for comparison of S-100, NSE serum concentrations and neuropsychological test results during investigation. Because of non-normal distribution of S-100 and NSE, these values were expressed as median and range, and the Mann-Whitney U-test was used for comparison of S-100 and NSE values in patients with and without POCD (SPSS, version 9.0). Sequential testing results were corrected according to Bonferroni. Age dependency of S-100 and NSE was tested by Spearman's rank correlation.
Results
Demographic data of patients are shown in Table 1 . Three patients were excluded because of necessity of postoperative ventilation. Forty-eight patients (41%, 95% CI: 37.5-58.5) had POCD during the week after surgery. For the number of patients with POCD at different time points in the investigation and for the number of tests with Ͼ10% decline, see Table 2 .
The distribution of frequency of POCD was similar in all specialties, except for trauma surgery where only two patients suffered from POCD (10.5%) ( Table 3) .
S-100
Preoperatively, median S-100 serum-concentration was 0.02 ng/ml (range 0-0.2). There was no age-dependency (PΩ0.55). All study patients with POCD had significantly higher postoperative S-100 levels compared with those without POCD ( Table 4 , Fig. 1 : 'all patients'). However, patients without POCD also showed postoperative increase in S-100 (PϽ0.01).
After vascular surgical procedures, maximum serum concentrations occurred 30 min postoperatively: medianΩ0.65 ng/ml (range 0.01-1.57) in the presence of POCD (nΩ9), and 0.21 ng/ml (0.02-0.29) without POCD (nΩ7) (Fig. 1) .
After abdominal surgery, the maximum S-100 in pa- Table 2 Number of patients investigated at day 1, 3 and 6, postoperatively. and patients with Ͼ10% decline in 1, 2 and 3 neuropsychological tests of the test battery (Ω POCD), on day 1, 3 and 6, postoperatively. Missing values on day 3 and 6 result from patients being discharged before testing. 
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tients with POCD (nΩ21) was 0.21 ng/ml (median range: 0.01-2.07) compared with 0.1 ng/ml (median range: 0-0.86) in patients without POCD (nΩ25). In our urological surgery (Fig. 1) , patients with POCD (nΩ16) showed maximum S-100 levels of 0.22 ng/ml (0.02-0.05), and in those without POCD (nΩ 21) S-100 was 0.14 (0-1.1).
In our trauma surgery the number of patients with POCD (nΩ2) was not sufficient for analysis.
Neuron specific enolase
In preoperative NSE values there was no age-dependency (PΩ0.39). There is no median increase in NSE serum concentration postoperatively. Values of patients with and without POCD, respectively, did not differ significantly (Table 5 ). Furthermore, the NSE values did not differ between the surgical specialties
Discussion
S-100 appears to be a suitable marker of POCD when all patients are pooled. The group of patients with cognitive decline showed significantly higher peak S-100 values postoperatively. Elevated S-100 levels were of short duration, even in patients with POCD on day 3 and 6 after the operation. The median S-100 returned to normal within 18 h.
Several authors were able to demonstrate a relationship between the degree of neuropsychological dysfunction and S-100. This was found by Martens et al. (9) and Rosen et al. The majority of S-100 studies were related to cardiac surgery and cardiopulmonary bypass (CPB). These investigations confirm the value of S-100 in assessment of POCD. In light of the pathophysiology of POCD after cardiac surgery it is interesting that after minimal-invasive procedures (off-pump surgery) with lower amounts of cerebral emboli, the increase of S-100 is reduced compared with conventional CPB (1).
In our study, NSE remained unchanged in both patients with and without POCD. This finding was confirmed by others in noncardiac surgery (14, 18) . In cardiac surgery, NSE corresponds with the degree of cognitive impairment (4-6). It is likely that NSE does not reflect minor neuropsychological dysfunction (18) .
It was also found in the present study that S-100 was elevated also in patients without POCD. This finding is in accordance with other investigations: S-100 levels increase in almost all patients for hip or knee arthroplasty (mean: 1.03 ng/ml, range 0.18-3.65) (18) . Rasmuss- Table 4 S-100 serum concentrations (ng/ml) pre-and postoperatively in patients with postoperative cognitive deficit (POCD) compared with those without POCD, expressed as median (range). Results are presented patients in general surgery, urology, trauma and vascular surgery, respectively. Postoperatively S100 concentrations were increased significantly in both groups at all time points. 
Table 5
Neuron specific enolase (NSE) serum concentrations (ng/ml) pre-and postoperatively in patients with postoperative cognitive deficit (POCD) compared with those without POCD, expressed as median (range). Significant differences were found neither between 'POCD' and 'no POCD' nor between NSE pre-and postoperatively. en and the ISPOCD group found S-100 and NSE serum levels in patients after abdominal surgery comparable to our study results. The mean of S-100 in patients without POCD on the first postoperative day was 0.3 ng/ ml, representing a 3.5-fold increase. Neuron specific enolase levels were constant (14) . The explanation for the S-100 release as a short-lasting glial-cell dysfunction is unsatisfying. So far, there is no evidence of structural damage of glial cells and dysfunction of blood-brain barrier during uncomplicated anesthesia, preceding the release of S-100 from glial cells into peripheral blood. Furthermore, NSE and neuropsychological testing was normal in these patients. Neuron specific enolase appears to be released only in cases of severe brain damage, such as stroke (11), after resuscitation (9) or neurologically complicated surgery (5). The three tests used assessed only some topics of cognitive function, especially attentional processes. These tests have been chosen because attention plays a major role in daily behavior, and affects learning and memory as well as other aspects of cognition (22) . Furthermore, with a short test battery it was easier to maintain compliance of patients, especially those of increased age and with severe POCD, respectively (23) . For more comprehensive determination of POCD it is necessary to include learning and memory tasks in the test battery (22) (23) (24) .
In the present study, postoperative decline of at least In 'A Compendium of Neuropsychological Tests', a score of lower than 1-2 SD below the mean is considered 'borderline abnormal' (22) . If such deterioration of test results is attributed to POCD, this will lead to a high rate as in the present study (41% of patients). This may be of minor relevance in most of the subjects. Despite these limitations, the test battery used seems to be suitable in showing a correlation between higher median S-100 values and the presence of POCD. A different increase in S-100 serum concentrations in different surgical specialties belongs to the findings of the present study. Patients who had vascular and abdominal surgery showed higher S-100 than patients with POCD compared with those without POCD. After urological surgery there were no differences of S-100 in patients with and without POCD, respectively. The reason for this remains unclear, and the number of patients is not sufficient for statistical power. Other investigations also found uncertainty in correlating POCD or brain damage with increased S-100 levels. After hip and knee arthroplasty increased S-100 serum levels were found in both patients with and without POCD. Neuron specific enolase remained within normal range (18) . Another investigation showed constantly low S-100 levels in uncomplicated carotid thrombendarterectomy but increased concentrations after aortic surgery (26) . A recent study in 100 patients scheduled for carotid endarterectomy describes an increase of S-100 in patients with uneventful outcomes ranging from 0.1 to 0.18 ng/ml. Surprisingly, patients with postoperative stroke (nΩ3) showed a maximum S-100 of only 0.22 ng/ml (27) : these values correspond with our patients without POCD.
Most studies mentioned above assume that S-100 is released from cerebral tissues only. Therefore, increasing S-100 levels may occur after global cerebral ischemia, head injury, or cerebral embolism by cardiopulmonary bypass. It is also true that patients with POCD had mostly higher S-100 levels, but remarkable increase of S-100 in patients without POCD is difficult to explain. To date, it is not possible to define a cutoff level for S-100.
One possible explanation of elevated S-100, regardless of POCD or neurological disturbance, is an extra-cerebral contamination from other sources. S-100 has been regarded as highly brain specific. Values found in the brain cortex are at least fourfold those of other tissues (4, 28) . But S-100 has also been found in many other tissues under physiological and pathological conditions (7), such as fat, skin, muscle (4, 28) or in metastatic melanoma (29) . S-100 expression is equally induced in patients treated with b-adrenergic agonists or phosphodiesterase inhibitors (7) .
In our opinion, S-100 serum concentration is of limited value in the assessment of incidence, course and outcome of postoperative cognitive deficits. Because of the weak specificity and the wide range in normal patients, postoperatively it is difficult to obtain such information in individual patients. Where there is any evidence, in the comparison of groups of patients, e.g. in vascular surgery, general surgery or cardiac surgery (1-4), for a correlation of cognitive function and S-100 levels postoperatively. After some surgical procedures, such as carotid endarterectomy (26, 27) hip or knee arthroplasty (18) or urological surgery, S-100 appears to be of no value in detecting POCD or stroke.
